INTRODUCTION
A transjugular intrahepatic portosystemic shunt (TIPS) can effectively reduce portal pressure and relieve the clinical symptoms associated with various medical conditions. TIPS has found a wide range of applications including the treatment of portal hypertension due to cirrhosis, gastrointestinal bleeding, refractory ascites, hepatic hydrothorax, hepatorenal syndrome, Budd-Chiari syndrome, hepatopulmonary syndrome and portal thrombosis, and as a bridge to liver transplantation [1] [2] [3] [4] [5] [6] [7] . However, the procedure has two potential drawbacks that have long-term effects on the patients' post-TIPS quality of life: the occurrence of shunt stenosis and hepatic encephalopathy (HE). The use of covered stents has significantly decreased the occurrence of shunt stenosis [8] [9] [10] [11] [12] . In contrast, only slow progress has been made in the investigation and treatment of HE. Available literature indicates that post-TIPS HE occurs in approximately 31-47% of patients with portal hypertension, with a tendency toward a higher incidence in patients with hepatic tumors [13] [14] [15] [16] . A retrospective review of 38 patients with cancer who underwent TIPS revealed that primary technical success was achieved J Gastrointestin Liver Dis, September 2015 Vol. 24 No 3: 301-307 in 97% of patients without procedure-related complications, and that HE occurred in 44% of patients [17] . The occurrence of post-TIPS HE in patients with hepatocellular carcinoma (HCC) has a serious negative impact on life expectancy and quality of life. There is some evidence that the incidence of HE is lower for an 8-mm stent (5-10%) than for larger stents [11, 18] . However, there are few published reports concerning the risk factors for post-TIPS HE in patients with HCC.
The present study was a retrospective review of the clinical data of 279 consecutive patients with HCC and portal hypertension who underwent TIPS between January 1997 and March 2012 at a single institution. The aim of the study was to evaluate the relationship between the occurrence of HE and the clinical status of the patient pre-, peri-and post-TIPS, and to determine the risk factors for post-TIPS HE.
METHODS

Patients
Complete clinical data were collected retrospectively for 279 patients with primary HCC who underwent TIPS between January 1997 and March 2012 at the Department of Interventional Therapy, Beijing Shijitan Hospital, Capital Medical University (Beijing, China). The diagnosis was preferably confirmed by aspiration biopsy; for patients who refused biopsy, the diagnosis was made based on computed tomography (CT) and/or magnetic resonance imaging (MRI). All patients had HCC when they underwent TIPS. Central HCC is a contraindication to TIPS, and these patients were not included. The indications for TIPS included: 1) patients with HCC and esophageal and/or gastric variceal bleeding; 2) patients with HCC and refractory ascites; or 3) HCC combined with esophageal and/or gastric variceal bleeding and refractory ascites. In all cases, tumoral lesions had to be out of the puncture way.
Exclusion criteria were: 1) a definite diagnosis of HE prior to TIPS; 2) patients with advanced cancer and a life expectancy of less than 3 months; and 3) patients who had received transplantation or systematic therapies.
The diagnostic criteria for HE were as defined by the 11th World Congresses of Gastroenterology [19] . The 279 patients included in the study were grouped according to the presence of HE. Patients were followed up for 2 years. The post-TIPS occurrence of HE, or death were selected as the primary endpoints of the study.
The study was approved by the local Ethics Committee. The need for individual consent was waived by the Committee. This study was performed according to the guidelines of the Declaration of Helsinki.
Therapeutic procedure
A routine TIPS technique was used. The right internal jugular vein was punctured; a RUPS-100 (Cook Medical, Bloomington, IN, USA) was then advanced into the inferior vena cava (IVC) or the hepatic vein, and an appropriate position and angle were chosen to maneuver it into the left or right branch of the portal vein. After confirming that the RUPS-100 was in the portal vein using venography, an intrahepatic access set (Cook Medical, Bloomington, IN, USA) was inserted into the portal vein. Portography was performed with a pigtail catheter placed in the main portal vein, and the portosystemic pressure gradient (PSG) was measured. Catheters were placed into the right atrium and inferior vena cava through the internal jugular vein, followed by insertion into the hepatic veins to measure the free hepatic vein pressure. The catheter was then advanced to the end of the hepatic vein to measure its wedge pressure. The difference of the above hepatic vein pressures represented the portosystemic gradient. Varices were blocked using coils and/or gelatin sponges and/or absolute ethanol pre-or post-TIPS; the portal vein pressure was then remeasured. A balloon (8-mm or 6-mm) was advanced through the guide-wire to expand the shunt, and a stent (8-mm or 10-mm) was then implanted inside the shunt. The portal vein pressure was measured again, and portography was performed. Of the 279 patients included in the study, nitinol bare stents (Ev3; Cordis Corporation, USA) were used in 112, and covered stents (Fluency; Bard Inc., USA) in 167. A single stent was implanted in 201 patients, and two or more stents in 78. An 8-mm stent was used in 208 patients, while a 10-mm stent was used in 71. The shunt was created through the hepatic vein in 235 patients, and through the hepatic inferior vena cava in 44. The shunt was created in the right branch of the portal vein in 238 patients, and in the left branch in 41. TIPS combined with percutaneous transhepatic portal vein venography or gastric coronary vein embolization was performed de facto in 28 patients in whom portal puncture was evaluated pre-TIPS to be challenging or direct procedures were considered pre-TIPS to be high risk. Percutaneous transhepatic puncture of the portal vein was undertaken in the right rib area or subcostally, and a 4F catheter was then advanced inside the portal vein to perform portography and/or block varices (mainly emergency patients). The shunt was created with the catheter serving as an indicator of the location of the portal vein. A total of 253 patients had percutaneous transhepatic varices blocked or shunted.
All patients underwent 2-7 routine transcatheter arterial chemoembolization (TACE) and/or trans-arterial embolization (TAE) sessions before and/or after TIPS. One hundred and twenty-one patients underwent radiofrequency ablation (RFA). For TACE and TAE, a catheter was selectively or superselectively inserted into the target tumor's blood-supplying artery, and appropriate amount of embolization reagent was administered at a suitable speed to close the artery and induce ischemic necrosis of tumor tissues. Each treatment was tailored to each specific patient. Embolization aimed to embolize completely the tumor's blood-supplying artery. No patient received transplantation or systemic therapies.
Follow-up
Patients were followed up for two years through observation of clinical symptoms and the use of investigations as necessary including routine blood tests, coagulation tests, hepatic function tests, blood ammonia levels, color ultrasound, barium meals, CT scans, and/or gastroscopy. Portography and measurement of portal venous pressure were undertaken if the color ultrasound suggested stenosis and/or gastrointestinal bleeding, or refractory ascites and/or hydrothorax occurred. Patients with normal blood flow but an increased portal venous pressure or stenosis/occlusion of the shunt required J Gastrointestin Liver Dis, September 2015 Vol. 24 No 3: 301-307 balloon dilatation and/or stent reinsertion. A second TIPS was performed (n=195) if the initial shunt was difficult to reopen or had insufficient flow. Follow-up methods included telephone calls, outpatient reviews, and inpatient follow-up when medical events occurred. Patients requiring continuous treatment of their HCC were followed up every month for the first 3 months after the procedure, and then every 1 to 3 months, as appropriate. Patients not needing treatment of their HCC were followed up every 3 months. No patient was lost to follow-up.
Statistical analysis
All statistical analyses were conducted using SPSS 19.0 (IBM, Armonk, NY, USA). Continuous data were tested for normality using the Kolmogorov-Smirnov test and all were normally distributed; they are expressed as mean ± standard deviation (SD). Categorical data are expressed as ratios and percentages. Comparisons of pre-TIPS, peri-TIPS and post-TIPS clinical characteristics between the HE and non-HE groups were performed using the chi-square test or the Student's t-test, as appropriate. Variables with statistically significant associations with the primary endpoints were analyzed by multivariate logistic regression analysis to assess the risk factors related to the endpoints, and odds ratio (OR) values with 95% confidence intervals (95%CI) were calculated to perform risk analysis. A p value <0.05 was considered to be statistically significant.
RESULTS
Characteristics of the patients
A total of 279 patients (172 men and 107 women) with HCC were included in the study, having a mean age of 49.2±11.6 (range 25-78) years. The underlying etiologies were: hepatitis B (n=252), alcoholic cirrhosis (n=12), hepatitis C (n=11), hepatitis B and C (n=2), primary biliary cirrhosis (n=1), and autoimmune cirrhosis (n=1). In 78 patients, HCC was accompanied by portal vein tumor thrombosis (PVTT). Eight patients underwent splenectomy and azygoportal disconnection before TIPS, and 23 patients underwent pre-TIPS endoscopic varice ligation. Sixty patients had their tumor surgically removed before TIPS; eight patients underwent curative surgery, and no residual tumor was found in these patients. The numbers of patients with a single HCC lesion, double lesions, and three or more lesions were 206, 64, and 9, respectively. Esophagogastric variceal bleeding occurred in 226 patients, refractory ascites (and/or hydrothorax) in 36, and refractory ascites (and/or hydrothorax) accompanied by gastrointestinal bleeding in 17 (Table I) . Three patients had intra-abdominal hemorrhage because of puncture into extrahepatic tissues, and they recovered after treatment. No tumor progression was found that could be related to tumor seeding.
Factors associated with hepatic encephalopathy
Hepatic encephalopathy occurred in 114 patients (41%) about 3 months after TIPS. In univariate analysis, the Model for End-stage Liver Disease (MELD) score determined just before TIPS and the number of TACEs/TAEs performed post-TIPS were the clinical characteristics associated with HE after TIPS ( Table I ). The peri-TIPS clinical characteristics associated with the occurrence of HE after TIPS placement were the mean decreased pressure differential and portal vein flow direction (hepatopetal vs. hepatofugal) ( Table I ). In the multivariate logistic regression analysis (Table II) , patients who received >3 TACE/TAE treatments had much higher odds of HE compared with patients who received ≤ 3 TACE/ TAE treatments (OR, 4.078; 95%CI, 1.748-9.515). The odds of HE after TIPS increased in patients with hepatopetal main portal vein flow compared with hepatofugal main portal vein flow (OR, 2.362; 95%CI, 1.032-5.404). The lowering of portal vein pressure by TIPS is central to the improvement of the symptoms of portal hypertension; however, the odds of HE increased by about 20% for each 1-mmHg decrease in post-TIPS PSG (OR, 1.198; 95%CI, 1.073-1.336), indicating that excessive reductions in portal vein pressure were associated with higher odds of HE. In addition, the odds of HE increased by about 70% for each 1-point increase in the MELD score (OR, 1.693; 95%CI, 1.390-2.062).
DISCUSSION
The main finding of the present study was that increased odds of post-TIPS HE were associated with >3 TACE/TAE treatments, hepatopetal main portal vein flow, an excessive decrease in the post-TIPS PSG, and higher MELD score. These data might provide guidance to clinicians for selecting patients with HCC and portal hypertension for TIPS. To the best of our knowledge, the present study is the first to examine the risk factors associated with HE in Chinese patients with HCC and portal hypertension.
TIPS is an effective procedure for treating the complications of portal hypertension in patients with cirrhosis caused by various etiologies [20] or HCC. Approximately 80% of patients with HCC and cirrhosis have symptoms associated with portal hypertension, and the main cause of death in some cases is not the tumor itself but related complications such as esophageal and gastric variceal bleeding, refractory ascites, and hepatic dysfunction due to PVTT or accompanying thrombosis. Although TIPS can effectively resolve the problems associated with portal hypertension, the high incidence of post-TIPS HE has significant implications in terms of the quality of life and the long-term success of the procedure. The incidence of post-TIPS HE observed in the present study (41%) was similar to that reported by previous studies (31-47%) [11, [13] [14] [15] [16] 21] . To optimize the benefits of TIPS, it is important to screen patients carefully for any risk factor for HE, to select an appropriate treatment approach, and to take appropriate measures to maximize the prevention of HE. This, of course, necessitates the identification of factors associated with HE.
Numerous studies have evaluated the risk factors associated with post-TIPS HE in patients with portal hypertension due to cirrhosis, although these studies did not focus on patients with HCC. A review of 77 patients with cirrhosis treated using TIPS and followed up for one year suggested that non-alcoholic liver disease, female gender, and low albumin levels increased the risk of HE [22] . Riggio et al. [11] retrospectively reviewed 78 patients with cirrhosis treated with TIPS using a PTFE- covered stent, and the multivariate analysis revealed that high creatinine levels, low serum sodium, and low albumin levels were independent risk factors for HE. Low serum fibrinogen levels have also been correlated with an elevated risk of post-TIPS HE [23] . Several studies have suggested that older age is associated with an elevated risk of HE [11, 13, 21, 24] , although this was not observed in the present study. This may reflect differences in the patient cohorts, including the fact that the patients of our study had HCC and that they may be with different ethnic background. The hepatic functional status has been deemed to be directly associated with post-TIPS HE [25, 26] . Higher pre-TIPS Child-Pugh score has been reported to be associated with post-TIPS HE [23, 24] . TIPS can worsen liver dysfunction, and the Child-Pugh score has disadvantages when applied in such patients. In 2000, Malinchoc et al. adopted the MELD score for the first time to predict the mortality rate of patients with end-stage liver disease treated by TIPS [27] . A 15-year retrospective evaluation demonstrated a significantly poorer survival after TIPS in patients with a MELD score greater than 15 [28] . Consistent with this report, the results of the present study suggested that the odds of HE increased by about 70% for each 1-point increase in the MELD score. The PSG has also been involved in the risk of post-TIPS HE. In the present study, the odds of HE were increased by about 20% for each 1-mmHg decrease in the post-TIPS PSG, suggesting that an inappropriately large reduction in portal vein pressure might increase the odds of HE. These results are consistent with those described previously by Chung et al. [29] , i.e. that the critical lower threshold for post-TIPS PSG was 5 mmHg, such that a PSG >5 mmHg would lead to HE. In particular, patients with a Child-Pugh score >10 and a MELD score >14 tended to show a significant increase in the occurrence of refractory HE. Rossi et al. [15] showed that HE occurred in all patients with a PSG ≤12 mmHg, while Riggio et al. [21] reported that a portacaval gradient <10 mmHg was a predictor of HE. Interestingly, Zuckerman et al. [13] found that a low portal vein pressure correlated with post-TIPS HE. Although TIPS can successfully reduce portal pressure and relieve the symptoms of portal hypertension, an excessive reduction in portal pressure appears to be associated with higher odds of HE. Thus, there is evidence that portal pressure should not be reduced too aggressively in order to avoid the occurrence of HE. In the present study, the use of pre-TIPS ultrasonography and peri-TIPS main portal vein venography revealed that hepatopetal portal flow was associated with greater odds of HE compared with hepatofugal portal flow. Moreover, multivariate analysis suggested that the odds of HE were 2.362 times higher in the hepatopetal group, compared with the hepatofugal group. Similar results have been reported by a previous study [30] . In patients with hepatofugal portal flow, the change in liver hemodynamics after TIPS would be small because the blood supply would depend mainly on the hepatic artery, which is a similar situation to the autologous portacaval shunt effect caused by the pre-TIPS hepatofugal portal flow. This would result in relatively lower odds of HE in this subset of patients. In contrast, liver hemodynamics in patients with hepatopetal main portal vein flow would be altered substantially by TIPS, with blood flow changing from a dual supply from the portal vein and hepatic artery to a supply predominant by the hepatic artery. This would create a large number of portacaval shunts in a short time, leading to a rapid increase in un-detoxified and pro-HE toxic substances, predisposing this subset of patients to HE.
A unique aspect of the present study was that all 279 patients had HCC and portal hypertension, and all had underwent at least one post-TIPS TACE or TAE treatment. The odds of HE in patients who underwent >3 TACE treatments were approximately 4 times higher than that in patients who underwent ≤3 treatments. Although TACE is beneficial to cancer therapy, repeated TACE may accelerate the development of cirrhosis. Hepatic peripheral arterial embolization causes hepatic tissues to produce free radicals that activate the lysosomal system, leading to ATPase dysfunction, cell membrane damage, and decreased tolerance to the toxicity of chemotherapeutic agents. Moreover, some embolization agents can induce ischemic injury in non-HCC tissues. The degree of liver damage is an independent risk factor for patients' survival [31] . Patients with a proper function of TIPS depend on hepatic arterial flow for liver perfusion, as the flow in the branch portal veins is usually reversed. Therefore, any kind of an arterial embolic procedure could be expected to lead to more hepatic ischemia in patients with TIPS compared with patients without TIPS who have hepatopetal flow in branch portal veins. Therefore, liver damage due to repeated TACE might accelerate the development of HE.
The present study has its limitations. This was a retrospective study, and some data were unavailable or incomplete for some patients (e.g. ascites and hydrothorax); in addition, no consideration was given to the timing of HE during followup, the severity of HE, the requirement for hospitalization, or the use of concomitant medications. Patients with a definite diagnosis of pre-TIPS HE were excluded from the study; however, we cannot exclude the possibility that some patients had subclinical HE prior to TIPS. Finally, the cohort did not include patients who underwent TIPS but who did not have HCC. These issues will be clarified in the next prospective study.
CONCLUSIONS
The occurrence of HE after TIPS in patients with portal hypertension due to HCC and cirrhosis has been associated with a complex interplay of various pre-, peri-, and post-TIPS factors including specific interactions between TIPS, HCC and portal hypertension, as well as other risk factors similar to those reported previously in patients without HCC. Obtaining detailed knowledge of the risk factors for HE is relevant to the screening of patients eligible for TIPS, selection of appropriate surgical methods, optimization of postoperative management, and prevention of HE. Although some of our results were consistent with previous studies, there were also novel findings that may help to reduce and prevent TIPS complications in patients with HCC and cirrhosis. Larger-scale studies are warranted to investigate this further.
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